An increasingly larger proportion of the oils used in diets for farmed fish are plant derived and rapeseed oil is most commonly used. Despite high dietary lipid levels and a marked change in lipid composition, the transport and metabolic fate of absorbed fatty acids is not fully understood in teleost fish. The main purpose of this study was to trace the postabsorptive metabolic fate of 2 fatty acids of different chain length: oleic acid [ 3 H-18:1(n-9)], constituting 70% of fatty acids in rapeseed oil, and the medium-chain decanoic acid [ 14 C-10:0], which does not require carrier molecules for membrane passage. The fatty acids and their metabolites were traced in portal and peripheral blood, liver, heart, skeletal muscle, and visceral adipose tissue at time intervals from 3 to 48 h after feeding. The portal vein was the primary transport route for both 10:0 and 18:1(n-9) from the intestine to the liver the first 6 h after feed intake. From 12 to 48 h, the peripheral route became increasingly more important. The study also indicates a possible direct transport route of fatty acids from the intestine to the surrounding viscera. Our data demonstrate that whereas 18:1(n-9) is primarily deposited as TG in skeletal muscle and visceral adipose tissue, 10:0 is used by the heart and skeletal muscle as a source for rapid energy production.
Introduction
Driven by the limited supply of fish oil, there has been a major research focus on replacing fish oil with alternative oils in diets for cultured fish, including Atlantic salmon (Salmo salar L.). A wide variety of plant oils has been investigated in which the nutritional as well as the underlying molecular effects in fish have been assessed. Despite this, information is still lacking regarding routes of lipid transport from intestinal contents to their systemic location of energy utilization or deposition (1) .
As early as in 1913, Greene (2) described how lipids were absorbed and further resynthesized in the enterocytes of King (Chinook) salmon (Oncorhynchus tschawytscha). He described the accumulation and formation of lipid droplets in the intestinal enterocytes but was unable to identify lymph vessels. Tracer studies with rainbow trout (Onchorhyncus mykiss) (3) and carp (Caprinus carpio) (4) suggested that absorbed lipids were hydrolyzed in the enterocyte and further redistributed as FFA in the blood and that chylomicrons did not exist in fish. Some years later, however, Skinner and Rogie (5) observed chylomicronlike particles in rainbow trout plasma, whereas Sire et al. (6) recovered 95% of 14 C-18:2(n-6) in the form of TG in plasma 4 and 6 h after feeding. Based on these data and contradictions, Sheridan et al. (7) proposed a 2-step lipid absorption model, with a fast fatty acid and a slow TG delivery system.
Whether a lymphatic system exists in fish is still a matter of debate. Recently, Kü chler et al. (8) demonstrated lymphatic vasculature in zebrafish (Danio rerio) embryos, whereas this has not been demonstrated in previous studies with fish (9) . A secondary circulatory system in gills and skin may exist, but this has not been found in the intestine or skeletal muscle of fish (10) . Furthermore, efforts have been made during the last decades to further understand the role of fish lipoproteins (5, (11) (12) (13) (14) , fatty acid binding proteins in different tissues (15) , and sites of b-oxidation (16) (17) (18) (19) . However, and as reviewed previously (1) , almost no efforts have been made since the 1980s to complete the picture of lipid transport of fatty acids from the intestinal lumen and their systemic fate. The 2-step lipid absorption model proposed by Sheridan et al. (7) was based on data from tracer studies where samples were collected from intestinal tissue, peripheral plasma, and to some extent liver (6), but not from portal blood nor from areas of deposition such as the skeletal muscle or adipose tissue.
The main objective of the current study was therefore to describe the transport routes and metabolic fate of 2 chemically different fatty acids after absorption in salmon and secondly to evaluate whether the patterns found in teleost fish are in line with the established knowledge from mammalian studies. Oleic acid [18:1(n-9)] was chosen, because rapeseed oil, which is the most commonly used plant oil source in fish diets, is particularly rich in this fatty acid. Decanoic acid (10:0) was chosen due to its importance as an easily accessible energy source.
Materials and Methods
Materials. Isotope-labeled chemicals, [1- 14 C]-labeled decanoic acid (10:0), and [9, Fish, facilities, and feeding. Fifteen Atlantic salmon of the Sunndalsøra strain, mean weight of 704 g (6 28 g), were used in this trial performed at Nofima Marine's research station at Sunndalsøra, Norway. The fish were distributed among 5 circular tanks supplied with seawater (32 g × L 21 salinity) and aeration, with 3 fish/tank and 1 tank/time unit of 3, 6, 12, 18, and 48 h following individual feed administration of 3 fish/ time point (n = 3). The water depth was 60 cm, surface area 0.7 m 2 , and the water temperature was 98C. To avoid contamination from the isotopes used in the experimental feed, there was no exchange of water in the tanks during the trial.
All fish were feed deprived 20 h before feeding to make sure that the intestinal tract was empty in all fish. The experimental diet, a standard commercial grower feed (31% fat in dry matter), was obtained from BioMar and the major ingredients were fish meal (48%), fish oil (23%), wheat (11%), corn gluten meal (10%), and extracted soybean meal (7.8%) (Supplemental Fig. 1 ). For each individual fish, ;2 g feed was homogenized in a small mortar, and 100 mL (18.5 MBq) 3 H-labeled triolein [ 3 H-18:1(n-9); each fatty acid was labeled] and 500 mL (2.04 MBq) 14 C-labeled decanoic acid ( 14 C-10:0) was added. Distilled water (0.5 mL) was mixed into the feed, giving it a thick porridge-like consistency. The fish were subjected to mild anesthesia (MS-222) before feed administration. A syringe with flexible tubing was used and care was taken to make sure that all the feed was applied as deeply as possible in the stomach and that the feed was not regurgitated following feed administration. No additional feed was given to the groups after feeding and the tanks were gently covered to avoid disturbing the fish. The experiment and experimental protocols involved were conducted in accordance with the regulations of the National Animal Research Authority of Norway (Animal Proteiction Ordinance concerning experiments with animals of 15 January, 1996).
Sampling and analyses. At 3, 6, 12, 18, and 48 h after feeding, the 3 fish from the respective tanks were subjected to mild anesthesia (MS-222) and weighed. Peripheral blood samples were taken from the caudal vein with heparin as anticoagulant. Heparin (100 mL from a 50 g × L
21
solution) was injected into the dorsal vein before the fish were opened. Portal blood samples were taken in heparinized tubes by catheterizing the main vein draining blood from the pyloric region (Vena portae). Plasma was prepared from both blood samples. The fish were then killed by a blow to the head and liver, heart, visceral adipose tissue, and skeletal muscle samples were dissected out, weighed, and frozen in liquid nitrogen. The tissue samples were transferred to 2208C and stored until analysis. Three tissue pieces from each organ sample were accurately weighed (between 100 and 200 mg) and subsequently dissolved in Soluene at 508C overnight. For the blood samples, 20 mL was pipetted into the scintillation vials. Instagel II liquid counting scintillant (5 mL) was added to each sample and the levels of radioactivity were measured in a Packard 1900A dual channel scintillation counter (Packard Instruments) 24 h after adding the scintillant. The counting time was set at 10 min for each sample. Total lipids were extracted from portal and peripheral blood as well as from liver, heart, skeletal muscle, and visceral adipose tissue using a method described by Folch et al. (20) . The chloroform-methanol phases obtained in the procedure were dried under nitrogen overflow at room temperature and dissolved in hexane. The lipid classes, FFA, TG, PL 9 , MDG, and CE were separated by TLC using a mixture of petroleum ether, diethyl ether, and acetic acid (113:20:1 ratio) as the mobile phase. The lipids were visualized by spraying the TLC plates with a 2 g × L 21 29,79-dichlorofluorescein solution and the different lipid classes were identified by comparison with standards under UV light (366 nm). The different spots corresponding to the lipid classes were scraped off into scintillation vials, to which 5 mL scintillant (Instagel II) was added. The radioactivity in each lipid class was counted in the scintillation counter. The determination and verification of the radioactive fatty acids in visceral adipose tissue was conducted by HPLC following the method of Narce et al. (21) . The FFA 10:0 is relatively volatile, whereas the FFA 18:1(n-9) is not. There are no available extraction methods that will give 100% recoveries of FFA, 10:0 and 18:1 (n-9) at the same time. The Folch extraction method, which gives some lower recoveries of short-chain FFA than longer-chain FFA, was chosen in this trial. The recoveries of 10:0 and 18:1(n-9) after Folch extraction and trans-methylation were therefore determined by quantitative GC analyses. Approximately 98% of the original 18:1(n-9) FFA was recovered and 64% of 10:0 FFA. The recoveries of 10:0 and 18:1(n-9) in esterified lipids were close to 100%. Consequently, the 10:0 FFA results in this trial are to some degree underestimated, as also explained in Results.
Statistical analyses.
Values are presented as means 6 SEM. Due to unequal variances, the radioactivity data (as total or lipid radioactivity) were log transformed prior to subjecting the data to a paired t test. The differences between time points were analyzed by a 1-way ANOVA. The lipid class distributions, describing the percentage of lipid radioactivity in different lipid classes, were subjected to arcsine transformation prior to subjecting the data to a 1-way ANOVA. Duncan's procedure was used to rank the different lipid classes as well as the difference between time points (22) . The data were analyzed using SAS software version 9.2 (SAS Institute) and a significance level of P , 0.05 was chosen for all tests.
Results
Nine times more radioactivity (MBq) was fed to the fish as 3 H-labeled trioleic acid [ 3 H-18:1(n-9)] than as 14 C-labeled decanoic acid ( 14 C-10:0), which explains the generally higher recovery values of 3 H-18:1(n-9) compared to 14 C-10:0 in the various tissues and organs. A statistical comparison between the 2 isotopes was therefore not possible. The figures present the total recovery of radioactivity and how much of this radioactivity that was recovered in the lipid fraction at the same time point in blood and tissue samples. The difference between these 2 points represents the water fraction that could be considered the proportion of the fatty acids that has been oxidized. Folch extraction gave 64% recovery of the 10:0 FFA, which would underestimate 10:0 FFA by~36%. This again resulted in a minor overestimation of oxidation products of 10:0. However, the 10:0 FFA constituted a relatively small part of the total activity and the overestimation therefore does not influence the overall interpretation of the oxidation data to a significant extent.
Radioactivity in portal blood. In portal blood, radioactivity from both the 14 C-10:0 and the 3 H-18:1(n-9) substrates was detected 3 h after feeding. The total radioactivity of the 14 C-10:0 substrate in portal blood had already reached a relatively high level at 3 h compared to the radioactivity detected otherwise during the rest of the experimental period (Fig. 1A) and the time points did not differ (P , 0.05). Of the total radioactivity in portal blood, a minor part of the 14 C-10:0 substrate was found in the lipid fraction after 3 h, and the lipid radioactivity was lower (P , 0.05) than the total radioactivity at 3 and 6 h (Fig. 1A) . The radioactivity of the 3 H-18:1(n-9) substrate increased (P = 0.004) from 3 to 6 h in portal blood (Fig. 1C) . The major part of the radioactivity of the 3 H-18:1(n-9) substrate was contained in the lipid fraction at 3 and 6 h after feeding and the lipid radioactivity and total radioactivity at these time points did not differ.
In portal blood, the radioactivity of 14 C-10:0 among lipid classes showed that the recovery as FFA was higher (P , 0.0001) than all groups of esterified lipids 3 h after feeding ( Table 1) .
However, after 48 h, less was recovered as FFA than as TG and PL (P , 0.0001). For the 3 H-18:1(n-9) substrate, 74% of the lipid radioactivity was recovered as esterified lipids in portal blood 3 h after feeding and this increased to 99% at 48 h, whereas the recovery of TG was higher (P , 0.0001) than all other lipid classes ( Table 2) .
Radioactivity in peripheral blood. The total radioactivity of the 14 C-10:0 substrate was higher in portal blood (0.43 6 0.06) at 3 h than in peripheral blood (0.15 6 0.03) at 3 h (P = 0.012), but the total 14 C-10:0 radioactivity in peripheral blood increased (P , 0.05) from 3 to 6 h (Fig. 1B) . There was a similar increase (P , 0.05) for the 14 C-10:0 lipid radioactivity. After 3 h, there were only traces of 3 H-18:1(n-9) in peripheral blood (0.07 6 0.02) and lower levels than what was found in portal blood (0.27 6 0.15) at the same time point. With time, the radioactivity increased much in parallel to the increase in the portal blood and reached a similar level 18 h after feeding. Approximately 50% of the 3 H-18:1(n-9) radioactivity was contained in the lipid fraction 12-48 h after feeding (Fig. 1D ), but the difference was significant only at 12 h and not at 18 h (P = 0.44) or 48 h (P = 0.09).
The lipid class distribution of the 14 C-10:0 substrate in peripheral blood showed that approximately equal amounts of the lipid radioactivity was found as FFA and esterified lipids 3 h after feeding. From 6 to 48 h, the lipid radioactivity recovered as FFA was lower than that recovered as TG (P , 0.0001) and was only 4% at 48 h ( Table 1 ). The major part of the 3 H-18:1(n-9) lipid radioactivity was recovered as esterified lipids at all time points, but from 6 to 48 h 3 H-18:1(n-9) was mainly contained as TG (P , 0.0001) ( Table 2) .
Radioactivity in liver and heart. Total radioactivity from the 14 C-10:0 substrate increased in liver (P = 0.016) ( Fig. 2A) and heart (P = 0.003) (Fig. 2B) 3 to 6 h after feeding and decreased between 6 and 48 h. The 14 C-10:0 lipid radioactivity was lower than the total 14 C-10:0 radioactivity in heart or liver tissue at any time point (P , 0.05). A closer look at the 14 C-10:0 lipid radioactivity in liver revealed that the percentage of FFA was higher than the percentage of esterified lipids at any time point (P , 0.0001) ( Table 1) . The 14 C-10:0 lipid radioactivity in heart was very low (Fig. 2B) , but 3, 6 and 48 h after feeding, a higher (P , 0.0001) percentage of the lipid radioactivity was in the form of FFA than esterified lipids ( Table 1) .
The total 3 H-18:1(n-9) radioactivity increased gradually in liver (Fig. 3A) and heart (Fig. 3B ) from 3 to 48 h after feeding (P , 0.0001), and at 3 and 6 h after feeding the 3 H-18:1(n-9) lipid radioactivity in liver was lower (P , 0.05) than the total radioactivity. From 12 to 48 h, the proportion of the substrate recovered as lipid radioactivity compared to total radioactivity decreased in both organs, but there was no difference between the total and lipid radioactivity in heart. In liver, 25% of the 3 H-18:1(n-9) lipid radioactivity was recovered as FFA at 3 and 6 h ( Table 2 ). This increased to ;50% at 12 and 18 h and declined to 6% at 48 h. The lipid class distribution in the heart showed that 78-98% of the 3 H-18:1(n-9) lipid radioactivity was recovered as esterified lipids throughout the whole experimental period (Table 2) .
Radioactivity in skeletal muscle. The 14 C-10:0 total radioactivity in skeletal muscle increased from 3 to 6 h after feeding (P = 0.014) but did not increase significantly from 6 to 48 h after feeding (Fig. 2C) . The 14 C-10:0 lipid radioactivity was lower than the 14 C-10:0 total radioactivity at all time points (P , 0.05). There was no significant difference between 14 C-10:0 lipid classes 3-18 h after feeding, but at 48 h after feeding, the percentage of 14 C-10:0 as FFA was higher (P , 0.0001) than the esterified lipids. The 3 H-18:1(n-9) total radioactivity increased gradually (P = 0.001) in skeletal muscle from 3 to 18 h after feeding, with no marked change thereafter (Fig. 3C) . Results were similar for the 3 H-18:1(n-9) lipid radioactivity, and at 12 h, the 3 H-18:1(n-9) lipid radioactivity tended to differ (P = 0.08) from the total 3 H-18:1(n-9) radioactivity. About 95% of the lipid radioactivity was recovered as esterified lipids at all time Values are means 6 SEM, n = 3. *Different from lipid radioactivity at that time, P , 0.05. Within total or lipid radioactivity, labeled means without a common letter differ, P , 0.05. Table 2) .
Radioactivity in visceral adipose tissue. The 14 C-10:0 and 3 H-18:1(n-9) total radioactivities increased gradually (P , 0.0001) in visceral adipose tissue 3 to 48 h after feeding (Figs. 2D and 3D) For both substrates, .90% of the radioactivity was recovered in the lipid fraction at all time points and the lipid radioactivity did not significantly differ from the total radioactivity at any time point. There was no significant difference between 14 C-10:0 recovered as lipid classes at 3 or 6 h, but 20% was in the form of FFA (Table 1) . A verification of the 14 C radioactivity as tracer for 10:0 in visceral adipose tissue was conducted by HPLC analysis for the FFA fraction isolated in samples taken 3 h after feeding. The recovery of 3 H-18:1(n-9) as TG was higher (P , 0.0001) than the other lipid classes at 3, 12, 18, and 48 h after feeding ( Table 2 ).
Discussion
The data from the present study indicate that the patterns of fatty acid transport, utilization, and deposition over time and in the various tissues and organs of Atlantic salmon are in general agreement with observations in higher animals. Fish are, however, poikilothermic organisms and at temperatures as low as 98C, as in the present study, the rate of lipid hydrolysis is generally slower than in warm-blooded mammals (23) . Thus, the peak of absorption in the present study was~18 h after feeding, as reported previously in fish (24) , whereas in a trial with rats the peak of 18:1(n-9) absorption was 5-6 h after feeding (25) . The rate of absorption would also differ depending on whether the fatty acids were administered as oil emulsions, as in the rat study, or as constituents in a complete meal, as in the present study. A slow response was also seen in a tracer study with Atlantic salmon fed gelatin-encapsulated 14 C-astaxanthin where the recovery peaked in peripheral blood 30 h after feeding (26) . Nonesterified MCFA such as decanoic acid (10:0) is rapidly absorbed by more proximal intestinal regions (24) and also appear more quickly in portal blood compared to LCFA. This is in agreement with mammalian studies (27) and fits with the model proposed by Sheridan (28) for teleost fish. Low 14 C-10:0 lipid radioactivities in portal blood may indicate that 14 C-10:0 was partly oxidized in the intestinal mucosa, similar to what has been observed in studies with pigs (27) . Compared to the portal blood, smaller amounts of the 14 C-10:0 substrate and only traces of the 3 H-18:1(n-9) substrate had reached the peripheral blood after 3 h. In rainbow trout, Sire et al. (6) detected labeled 18:3 (n-3) and 18:0 in peripheral plasma 4-6 h after feeding, which increased substantially after 6 and 18 h. Based on this and a low recovery of labeled 18:3(n-3) and 18:0 in liver after 2 h, they concluded that LCFA were transported directly from the enterocyte to the peripheral plasma as TG. A relatively low recovery of 3 H-labeled 18:1(n-9) 3 and 6 h after feeding was also found in peripheral blood in the present study. However, and in contrast to Sire et al. (6) , we also sampled from portal blood where the 3 H-18:1(n-9) lipid radioactivity was higher than in peripheral blood at 3 and 6 h after feeding. Thus, our data indicate that the hepatic portal route was more preferred in the initial phase after feed intake for both 10:0 and 18:1(n-9), and a direct transport from the intestine to the peripheral system bypassing the liver as suggested by Sire et al. (6) may be of only minor importance. In the present study, oleic acid was administered as triolein, 10:0 as FFA. However, in a study with rats fed 3 H-18:1(n-9) or 14 C-triolein (29), the absorption rates were very similar. Furthermore, fish also differ from mammals in the way that TG undergo a complete hydrolysis to FFA and glycerol prior to absorption (30, 31) , a condition that should make a possible difference in handling of fatty acids in TG and as FFA of even less importance.
In the present study, most of the 14 C-10:0 substrate was transported as FFA in the portal blood at 3 h, but from 6 to 48 h after feeding, the major part of the 14 C-10:0 substrate was in the form of esterified lipids. Mu and Høy (32) , reported similar observations in a study with rats fed labeled 10:0. Based on this, it seems evident that there are mechanisms regulating whether MCFA are transported as FFA possibly associated to transport proteins, like albumin (28), or as esterified lipids in portal blood. One explanation may be that the intestinal tissue esterified more of the 14 C-10:0 at later time points compared to 3 h after feeding. Moreover, in the current study, the fish had been feed deprived for 20 h prior to the start of the experiment. In such a state, it seems reasonable that a rapid transport without esterification would be prioritized. Transport of 3 H-18:1(n-9) in the portal blood has also been shown in a study with rats where the portal vein accounted for 39% of the duodenally introduced LCFA (33) . According to Mansbach and Gorelick (34) , the proportion of diet-derived TG that would be delivered to the lymph in mammals depends on the lipid load, the presence of phosphatidylcholine, and the hydration state of the mucosa. Moreover, Mu and Høy (35) reported that the lipid transport route in mammals from the intestine was influenced by the lipid composition. Thus, a larger proportion of the fatty acids would be transported by the lymphatic system if the diet was high in TG compared to when most of the fatty acids was administered as FFA. Our labeled substrates were added to a standard grower diet, with high levels of TG (fish oil), and would thus represent a normal situation, because very few teleost fish have access to feed or prey that have high concentrations of FFA.
Portal transport of the 14 C-10:0 substrate was also manifested by the high activities in liver at 3 and 6 h and with only 0-3% of the radioactivity found in the lipid fraction at any of the time points, we suggest that the 14 C-10:0 substrate had been oxidized prior to the liver or in the liver itself, as shown in previous trials with mammals (36) . It is therefore likely that 14 C-10:0 would not be found in its original form after passage through the liver, but rather as a metabolic product. A delayed appearance of the 3 H-18:1(n-9) substrate in liver agrees with the assumption of a slower delivery of LCFA and fits with activities observed in portal and peripheral blood. However, the liver data also mirrored the 3 H radioactivity from 18:1(n-9), which increased gradually in portal and peripheral blood as esterified lipids. A relatively large proportion of the 3 H-18:1(n-9) substrate seemed to be oxidized in the liver and this is in line with findings by Henderson and Sargent (37) , who concluded that a broad spectrum of unsaturated fatty acids was oxidized in rainbow trout liver mitochondria. Indeed, radioactivity from the 3 H-18:1(n-9) substrate may have been secondary metabolites from the circulation passing through the liver. Several studies of salmonids have shown that fish are able to discriminate between different fatty acids, either employing them for deposition or energy production (16, (38) (39) (40) .
All circulating blood is constantly returned to the heart when key veins assemble in the Ductus cuvieri. With time, the heart would therefore be supplied by a mixture of blood from peripheral veins as well as hepatic and intestinal veins. Because there was almost no 14 C-10:0 lipid radioactivity, it probably
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means that all of it had been oxidized in the enterocytes and liver prior to reaching the heart or that the remaining 14 C-10:0 substrate was rapidly oxidized in the heart itself. Most of the energy required for myocardial contraction is derived from oxidized fatty acids in mammals (41) . Consequently, 14 C-10:0 could serve as a readily available source of energy in the heart muscle in fish as well. With a major part of the 3 H-18:1(n-9) lipid radioactivity recovered as esterified lipids, this is in line with the general assumptions of LCFA metabolism in fish (42) .
The picture from the skeletal muscle confirms that a large proportion of the 3 H-18:1(n-9) substrate was stored in the intramuscular fat as esterified lipids, but our data also indicate that some of the 3 H-18:1(n-9) substrate was used for energy purposes. In contrast, there were only traces of 14 C-10:0 lipid radioactivity in skeletal muscle, but this was probably a combined effect of previous oxidation in enterocytes, liver, or heart. The data from the visceral adipose tissue leave no doubt that this is the primary storage for LCFA such as 18:1(n-9) and agree with earlier reports on lipid deposition in salmonids (43, 44) . After 48 h, the concentration of the 3 H-18:1(n-9) substrate as esterified lipids in visceral adipose tissue was 10 times higher than in skeletal muscle. Compared to the total amount of the 3 H-18:1 (n-9) substrate in visceral adipose tissue at 48 h, there were only traces of the 14 C-10:0 substrate at the same time point. However, the rapid appearance of the 14 C-10:0 substrate in visceral adipose tissue after only 3 h was intriguing, particularly because 20% was recovered as FFA. Because the presence of the 14 C-10:0 substrate was verified by HPLC determination of the radiolabeled fatty acid composition, it strengthens the assumption of an additional lipid transport route directly from the intestine to the visceral adipose tissue by diffusion.
To conclude, MCFA such as 10:0 was mainly transported as FFA in portal blood during the first hours after feed intake, but with time, a larger proportion was transported in esterified form. There was almost no trace of 14 C-10:0 in the lipid fraction in liver, heart, or skeletal muscle, indicating a low supply or rapid oxidation of MCFA in these tissues. The current study also suggests that the portal vein serves as a key transport route from the intestine for LCFA such as 18:1(n-9) the first hours after feed intake and that 18:1(n-9) is not only transported as esterified lipids in portal blood but also as FFA. This is in contrast to the previously proposed assumption that esterified LCFA are transported directly from the enterocyte to the peripheral tissues in teleost fish, bypassing the portal vein and liver. Our data clearly show how the LCFA are deposited in skeletal muscle and visceral adipose tissue. Finally, further investigations are warranted to verify and describe whether a direct transport of 10:0 from the intestine to the surrounding viscera would be possible by passive diffusion or via a heretofore undisclosed local lymphatic system.
